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ABSTRACT
Objective: To examine the association between alcohol consumption in midlife and subsequent
cognitive decline.
Methods: Data are from 5,054 men and 2,099 women from the Whitehall II cohort study with a
mean age of 56 years (range 44–69 years) at first cognitive assessment. Alcohol consumption
was assessed 3 times in the 10 years preceding the first cognitive assessment (1997–1999).
Cognitive tests were repeated in 2002–2004 and 2007–2009. The cognitive test battery
included 4 tests assessing memory and executive function; a global cognitive score summarized
performances across these tests. Linear mixed models were used to assess the association
between alcohol consumption and cognitive decline, expressed as z scores (mean 5 0, SD 5 1).
Results: In men, there were no differences in cognitive decline among alcohol abstainers, quitters,
and light or moderate alcohol drinkers (,20 g/d). However, alcohol consumption $36 g/d was
associated with faster decline in all cognitive domains compared with consumption between
0.1 and 19.9 g/d: mean difference (95% confidence interval) in 10-year decline in the global
cognitive score 5 20.10 (20.16, 20.04), executive function 5 20.06 (20.12, 0.00), and mem-
ory 5 20.16 (20.26, 20.05). In women, compared with those drinking 0.1 to 9.9 g/d of alcohol,
10-year abstainers showed faster decline in the global cognitive score (20.21 [20.37, 20.04])
and executive function (20.17 [20.32, 20.01]).
Conclusions: Excessive alcohol consumption in men ($36 g/d) was associated with faster cogni-
tive decline compared with light to moderate alcohol consumption. Neurology® 2014;82:332–339
Alcohol misuse is a leading preventable cause of morbidity and mortality.1 In addition to chronic
diseases, alcohol may affect aging outcomes, but this effect remains poorly understood. Light to
moderate alcohol consumption is hypothesized to be associated with better cognitive function and
lower risk of dementia,2–9 but less is known about the impact of alcohol on cognitive aging trajec-
tories because much of the evidence comes from studies conducted in elderly populations10–17 in
which health-related changes in alcohol consumption are likely to influence results.2 Because alcohol
consumption declines with age,18 the heavy drinking category is either small12,13,15,17 or not repre-
sented at all10,11,14,16 in these studies. Besides notable exceptions,19,20 few studies have examined the
impact of alcohol consumption on cognitive aging trajectories before old age. Furthermore, alcohol
consumption is often assessed only once, resulting in possible measurement error bias. The objective
of the present study was to examine the association of midlife alcohol consumption assessed 3 times
over a 10-year period with subsequent cognitive decline using 3 waves of cognitive data.
METHODS Study population. The Whitehall II cohort is an ongoing study of British civil servants.21 At study inception (1985–
1988), 10,308 participants (67% men, age range 35–55 years) underwent a clinical examination and completed a self-administered
questionnaire. Subsequent clinical examinations were undertaken in 1991–1993, 1997–1999, 2002–2004, and 2007–2009.
Standard protocol approvals, registrations, and patient consents. All participants provided written informed consent, and the
University College London ethics committee approved this study.
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Ten-year alcohol consumption. To better characterize long-
term alcohol consumption patterns and to reduce measurement
error, we calculated mean alcohol consumption over 10 years
for each participant using data from 1985–1988, 1991–1993,
and 1997–1999 via questions on frequency of alcohol
consumption over the previous year and questions on the
number of alcoholic drinks (“measures” of spirits, “glasses” of
wine, and “pints” of beer) consumed in the last 7 days.
Alcoholic drinks were converted to grams of alcohol consumed
per week and divided by 7 to yield average daily alcohol
consumption in grams/day. Data on the frequency (over the
previous year) and quantity (over the previous week) of alcohol
consumption were combined to construct a comprehensive
measure of alcohol consumption (table e-1 on the Neurology®
Web site at www.neurology.org). Participants who reported no
alcohol consumption in the previous year at each of the 3
assessments were classified as “alcohol abstainers” while those
who reported alcohol consumption in 1985–1988 or 1991–
1993 but not in 1997–1999 were categorized as “alcohol
cessation in the last 10 years.” Those who reported consuming
alcoholic beverages in the previous year but not in the last week
at all 3 waves were classified as “occasional drinkers.” The remaining
participants were classified into 6 groups on the basis of their average
daily alcohol consumption using the 10th/30th/50th/70th/90th
percentiles, separately in men and women in the preliminary
analysis. These cutoffs were chosen to examine the shape of the
association between alcohol and cognition without an a priori
assumption. In preliminary analyses (table e-2), those between the
50th and 70th percentile of the distribution were selected as the
reference group (12–19.9 g/d in men and 6–9.9 g/d in women).
These analyses led us to choose drinkers with alcohol consumption
between the 0 and 70th percentile of the distribution as the
reference category in the main analyses, corresponding to 0.1 to
19.9 g/d of alcohol in men and 0.1 to 9.9 g/d in women.
Cognition. Cognitive testing was introduced to the study in
1997–1999 (age range 44–69 years) and repeated in 2002–2004
(age range 50–74 years) and 2007–2009 (age range 55–80 years).
The cognitive test battery included 4 tests.
Short-term verbal memory was assessed with 20 one- or two-
syllable words, presented orally at 2-second intervals, and the par-
ticipants had 2 minutes to recall these words in writing.22
Executive function23 was derived from 3 tests. The timed
(10 minutes) Alice Heim 4-I (AH4-I) to test inductive reasoning
was composed of a series of 65 verbal and mathematical items of
increasing difficulty.24 Two measures of verbal fluency were used:
phonemic, assessed via “S”words, and semantic fluency using names
of animals.25 One minute was allowed for each test. Themean of the
standardized z scores of these 3 tests (mean5 0; SD5 1, using the
mean and SD at the first cognitive assessment [1997–1999]) was
the measure of executive function.
To provide a summary score of all tests in the cognitive bat-
tery, a global cognitive score was created using all 4 tests described
above by averaging the z scores of each test. This method has been
shown to minimize problems caused by measurement error on
the individual tests.26 However, it does not reflect all aspects of
cognition because it is limited by the content of the cognitive test
battery.
Covariates. Sociodemographic variables included age, sex, ethnic-
ity (white, south-Asian, black, other), marital status (married/
cohabiting vs others), occupational position (high, intermediate,
and low representing income and status at work), and education
(less than primary school, lower secondary school, higher
secondary school, university, and higher university degree).
Health behaviors were assessed by questionnaire in 1985–
1988, 1991–1993, and 1997–1999. Smoking history was
defined as current smokers, recent ex-smokers (smoking cessation
between 1985–1988 and 1997–1999), long-term ex-smokers
(smoking cessation before 1985–1988), and never smokers.
The frequency of fruit and vegetable consumption was assessed
using the question, “How often do you eat fresh fruit or vege-
tables?” (responses were on an 8-point scale, ranging from
“seldom or never” to “2 or more times a day”). The mean fre-
quency of fruit and vegetable consumption over the 3 time
points was used in the analyses. The number of hours of mod-
erate and vigorous physical activity at the 3 time points were
averaged to represent physical activity between 1985–1988 and
1997–1999.
Health measures were drawn from 1985–1988, 1991–1993,
and 1997–1999 and included cumulative history of hyperten-
sion, diabetes, cardiovascular disease, and depressive symptoms.
Blood pressure was measured twice with the participant sitting
after a 5-minute rest using the Hawksley random-zero sphyg-
momanometer. The average of 2 readings was taken to be the
measured blood pressure. History of hypertension was defined
as systolic or diastolic blood pressure $140 or $90 mm Hg,
respectively, or use of antihypertensive drugs. Diabetes was
defined by fasting glucose $7.0 mmol/L or a 2-hour postload
glucose $11.1 mmol/L, self-reported doctor-diagnosed diabe-
tes, or use of diabetes medication. Coronary heart disease was
based on clinically verified events and included myocardial
infarction and definite angina.27 Stroke cases were ascertained
from participants’ general practitioners, information extracted
from hospital medical records by study nurses, or data from the
National Health Service Hospital Episode Statistics database ob-
tained after linking the participants’ unique National Health Service
identification numbers to this national database.28 History of cardi-
ovascular disease included history of coronary heart disease or stroke.
History of depressive symptoms was defined as scoring $4 on the
General Health Questionnaire–Depression subscale or use of anti-
depressant medication.29
Statistical analysis. Because drinking patterns differ greatly
between men and women, analyses were stratified by sex. To allow
comparison between cognitive tests, all cognitive scores were stan-
dardized using the mean and SD of cognitive scores in 1997–
1999. Linear mixed models30 were used to estimate the association
between alcohol consumption and 10-year cognitive decline.
These models use all available data over the follow-up, handle
differences in length of follow-up, and account for the fact that
repeated measures on the same individual are correlated. Both the
intercept and slope were fitted as random effects, allowing individual
differences in cognitive performance at baseline and rate of cognitive
decline. The models were adjusted for the covariates, time since
baseline and interaction terms between each covariate and time.
First, analyses were adjusted for age, sex, ethnicity, education,
occupational position, marital status, and health behaviors and
then additionally for health measures. We also examined whether
age modified the association of alcohol consumption with cognitive
decline by introducing interaction terms between time, alcohol
categories, and age (continuous variable).
To characterize the effect size of the association between
alcohol consumption and cognitive decline, we compared it
with the effect of aging using the following formula: (differ-
ence in 10 years cognitive change between the group of inter-
est and the reference group)/(mean cognitive change in the
study population over 1 year). Finally, among male drinkers,
the association with type of alcoholic beverage (beer, wine,
or spirits) consumed was examined in a model adjusted for
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sociodemographic variables and health behaviors and mutually
adjusted for categories of consumption of each individual bev-
erage type. These analyses were based only on those who re-
ported consuming alcohol, and for each beverage type the
reference group comprised persons not consuming that type
of alcohol, although they consumed other types of alcohol.
These analyses could not be undertaken in women because
there was little heterogeneity in the type of alcohol consumed;
66% of alcohol consumed was wine.
RESULTS Of the 10,308 participants at study incep-
tion (1985–1988), 7,495 participated in at least 1 of
the 3 cognitive assessments. Of these individuals,
7,153 had data on alcohol and other covariates and
constituted the analytic sample (figure e-1). The anal-
ysis was based on participants similar in age (44.4 vs
44.2 years in 1985–1988, p 5 0.10) to those not
included in the analysis but comprised more men
Table 1 Characteristics of the population in 1997–1999 as a function of alcohol consumption history from 1985–1988 to 1997–1999
10-y abstainers
Alcohol
cessation
Occasional
drinkers
Mean alcohol consumption over the past 10 y,
range (median), g/d
0.1–19.9 (8.4) 20–35.9 (26.3) 36–112 (46.9)
Men (n 5 5,054)
No. 97 78 110 3,358 942 469
% 1.9 1.5 2.2 66.4 18.6 9.3
Age, y, mean 56.6 56.9 55.5 55.8 55.1 54.6
Nonwhite 39.2 24.4 11.8 6.2 2.9 2.4
Married/cohabiting 80.4 75.6 73.6 84.7 84.2 75.5
University degree or higher 47.4 21.8 24.6 31.0 35.2 32.4
High occupational position 35.1 20.5 29.1 51.8 58.6 50.1
Current smoking 6.2 10.3 17.3 6.9 10.8 20.7
Moderate/vigorous physical activity, h, meana 3.8 3.0 3.2 4.0 4.3 4.0
Daily consumption of fruits and vegetablesb 50.5 42.3 40.9 54.7 51.8 39.5
Prevalence of hypertension 40.2 44.9 45.5 37.1 35.7 44.6
Prevalence of diabetes 10.3 7.7 5.5 4.7 3.9 4.7
Prevalence of CVD 10.3 7.7 7.3 6.9 5.7 7.7
Prevalence of depressive symptoms 29.9 44.9 30.9 24.6 25.4 29.2
Mean alcohol consumption over the past 10 y,
range (median), g/d
0.1–9.9 (3.4) 10–18.9 (13.3) 19–66 (23.8)
Women (n 5 2,099)
No. 89 70 152 1,262 354 172
% 4.2 3.3 7.2 60.1 16.9 8.2
Age, y, mean 55.7 57.8 57.3 56.5 55.3 54.7
Nonwhite 59.6 28.6 25.7 11.3 0.6 2.9
Married/cohabiting 67.4 54.3 50.0 59.4 64.7 66.3
University degree or higher 30.3 14.3 9.9 15.1 28.8 41.9
High occupational position 7.9 4.3 3.3 15.7 34.8 48.8
Current smoking 4.5 15.7 12.5 10.1 19.5 16.3
Moderate/vigorous physical activity, h, meana 1.8 2.5 2.1 2.6 3.0 2.5
Daily consumption of fruits and vegetablesb 55.1 55.7 54.6 63.1 70.6 69.2
Prevalence of hypertension 43.8 47.1 42.8 35.6 25.7 34.3
Prevalence of diabetes 5.6 15.7 7.9 5.9 2.3 2.9
Prevalence of CVD 11.2 8.6 7.9 6.5 3.1 2.3
Prevalence of depressive symptoms 39.3 37.1 36.2 26.8 29.7 36.6
Abbreviation: CVD 5 cardiovascular disease.
Numbers are % unless otherwise stated.
a Individuals’ physical activity averaged over the 10-y alcohol consumption history.
b Proportion with mean frequency over the 10-y alcohol consumption history $daily.
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(70.7% vs 58.6%, p , 0.001) and persons from the
higher occupational group (33.3% vs 20.5%, p ,
0.001). Among participants included in the analyses,
12.9% contributed 1 wave of cognitive data, 22.4% 2
waves, and 64.7% all 3 waves. Compared with partic-
ipants with cognitive data at all 3 waves, those with
data at 1 and 2 waves had 0.24- and 0.18-SD lower
global cognitive score, respectively, in analysis adjusted
for age, sex, and occupational position (p , 0.001).
Table 1 shows the characteristics of study participants
in 1997–1999 (beginning of cognitive follow-up) as a
function of alcohol consumption. The distribution of
alcohol consumption differed by sex: women were more
likely to be abstainers, quitters, or occasional drinkers
(14.7% vs 5.6%), and the quantity of alcohol consumed
varied more in men. The frequency of alcohol consump-
tion also differed by the quantity consumed daily (data
not shown): in 1985–1988 (in 1997–1999), 95.1%
(96.0%) of men drinking$36 g/d of alcohol consumed
alcohol daily/almost daily compared with 18.7%
(38.5%) of those drinking between 0.1 and 19.9 g/d
of alcohol. Similarly, 87.4% (92.6%) of women drink-
ing $19 g/d of alcohol consumed alcohol daily/almost
daily compared with 8.4% (18.8%) of those drinking
between 0.1 and 9.9 g/d of alcohol.
Mean 10-year cognitive decline in men was20.42
of the baseline SD (95% confidence interval:
20.44, 20.40) for the global cognitive score, 20.39
(20.41, 20.37) for executive function, and 0.28
(20.31,20.25) for memory. The corresponding num-
bers for women were 20.39 (20.42, 20.37) for the
global cognitive score,20.38 (20.40,20.35) for exec-
utive function, and 20.25 (20.30, 20.20) for
memory.
In preliminary analyses, we examined the association
between detailed categories of alcohol consumption and
10-year cognitive decline (table e-2). Because no differ-
ences in cognitive decline were observed among male
drinkers consuming up to 19.9 g/d of alcohol (70th
percentile), participants drinking 0.1 to 19.9 g/d were
combined and constituted the reference category in
the main analyses (table 2). Similarly, in women, alco-
hol consumption between 0.1 and 9.9 g/d was the ref-
erence category. In men, those consuming $36 g/d
showed faster declines on all cognitive measures
compared with those consuming 0.1 to 19.9 g/d
(difference [95% confidence interval] in 10-year
decline in the global cognitive score was 20.10
[20.16, 20.04]). The effect size is comparable to
2.4 extra years of cognitive decline in the global
Table 2 Association between alcohol consumption history (1985–1988 to 1997–1999) and 10-year cognitive decline (1997–1999 to 2007–
2009)a
Global cognitive score Executive function Memory
Difference in
cognitive changeb 95% CI
Difference in
cognitive
changeb 95% CI
Difference in
cognitive
changeb 95% CI
Men
10-y abstainers 20.01 20.14, 0.12 20.06 20.18, 0.07 0.15 20.07, 0.37
Alcohol cessation in the last 10 y 20.01 20.16, 0.14 20.05 20.19, 0.09 0.03 20.22, 0.28
Occasional drinkers 20.02 20.14, 0.10 0.04 20.07, 0.16 20.10 20.30, 0.10
Drinkers: 0.1–19.9 g/d 0.00 Reference 0.00 Reference 0.00 Reference
Drinkers: 20–35.9 g/d 0.01 20.04, 0.05 0.01 20.03, 0.05 0.00 20.08, 0.07
Drinkers: 361 g/d 20.10c 20.16, 20.04 20.06d 20.12, 0.00 20.16c 20.26, 20.05
Women
10-y abstainers 20.21d 20.37, 20.04 20.17d 20.32, 20.01 20.16 20.46, 0.14
Alcohol cessation in the last 10 y 20.09 20.27, 0.09 0.02 20.15, 0.19 20.17 20.48, 0.15
Occasional drinkers 20.03 20.15, 0.09 20.03 20.15, 0.08 20.01 20.23, 0.22
Drinkers: 0.1–9.9 g/d 0.00 Reference 0.00 Reference 0.00 Reference
Drinkers: 10–18.9 g/d 20.07 20.15, 0.01 20.04 20.12, 0.04 20.09 20.24, 0.06
Drinkers: 191 g/d 20.04 20.15, 0.08 20.09 20.19, 0.01 0.14 20.06, 0.34
Abbreviation: CI 5 confidence interval.
aModels adjusted for age (centered on 55 y), ethnicity (white, south-Asian, black, other), education (continuous), 3-level occupational position (high,
intermediate, low), marital status (married/cohabiting vs others), smoking history (current smokers, recent ex-smokers, long-term ex-smokers, never
smokers), 10-y mean number of hours of moderate and vigorous physical activity (continuous), and 10-y mean weekly frequency of fruit and vegetable
consumption (continuous), time since 1997–1999, and interaction terms between each covariate and time.
bCognitive changes relative to the reference categories of 0.1 to 19.9 g/d for men and 0.1 to 9.9 g/d for women.
cp ,0.005.
dp ,0.05.
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cognitive score (2.4 5 20.10/20.042, 10-year
change in the global cognitive score being 20.42
SD in the total male population), 1.5 extra years for
executive function, and 5.7 extra years for memory.
In women, compared with those consuming 0.1 to
9.9 g/d, the 10-year abstainers experienced faster
decline in the global cognitive score and executive
function corresponding to approximately 5.0 extra
years of cognitive decline. Women reporting alcohol
consumption $19 g/d also showed faster decline in
executive function corresponding to 2.4 extra years of
decline in this cognitive domain; however, the asso-
ciation did not reach statistical significance (p 5
0.09). After further adjustment for health measures,
the associations were slightly attenuated (table e-3).
No age differences were found in the association
between alcohol consumption and cognitive decline
in men (p values range 5 0.15–0.32) or women
(p values range 5 0.35–0.91).
We examined the association between type of
alcohol consumed and cognitive decline in male
drinkers (table 3). Higher consumption of spirits
was found to be associated with faster cognitive
decline. No clear association was found in relation
to beer or wine. In models adjusted for each type of
alcohol, the association of total alcohol consumption
with cognitive decline remained evident suggesting
that one type of alcohol did not drive the association
between total alcohol consumed and cognitive decline
(data not shown).
DISCUSSION Our study indicates that men who con-
sumed $36 g/d of alcohol experienced faster 10-year
decline in all cognitive domains, with an effect size
comparable to 1.5 to 5.7 extra years of cognitive
decline. An important limitation of previous studies
of the association between alcohol consumption and
cognitive function is their cross-sectional nature,
whereby reverse causation is a major concern leading
to difficulties in interpretation of the results.2,6–8,31 In
addition, cross-sectional analyses are susceptible to
cohort effects and residual confounding, for example
by socioeconomic factors. A study using mendelian
randomization in a Chinese male cohort (N 5 4,707)
showed no evidence of higher cognitive scores in
moderate drinkers,32 suggesting that the hypothesized
protective effect of moderate alcohol consumption
might be attributable to confounding by unmeasured
Table 3 Association between mean consumption of different types of alcoholic beverages (1985–1988 to 1997–1999) and 10-year
cognitive decline (1997–1999 to 2007–2009) in male drinkersa
No.
Global cognitive score Executive function Memory
Difference in
cognitive changeb 95% CI
Difference in
cognitive changeb 95% CI
Difference in
cognitive changeb 95% CI
Beer, g/d
0 612 0.00 Reference 0.00 Reference 0.00 Reference
0.1–7.9 2,725 0.01 20.04, 0.07 0.01 20.05, 0.06 0.03 20.06, 0.12
8.0–15.9 731 0.04 20.03, 0.10 0.04 20.07, 0.10 0.03 20.16, 0.08
16.01 701 20.02 20.09, 0.05 0.00 20.07, 0.16 20.04 20.09, 0.14
Wine, g/d
0 407 0.00 Reference 0.00 Reference 0.00 Reference
0.1–7.9 3,151 20.06 20.13, 0.01 20.04 20.11, 0.02 20.06 20.18, 0.06
8.0–15.9 876 20.03 20.11, 0.05 20.01 20.09, 0.06 20.05 20.19, 0.08
16.01 335 20.05 20.14, 0.05 20.03 20.13, 0.06 20.07 20.24, 0.09
Spirits, g/d
0 1,456 0.00 Reference 0.00 Reference 0.00 Reference
0.1–3.9 2,250 20.02 20.06, 0.02 20.04 20.08, 0.00 0.01 20.06, 0.08
4.0–7.9 585 20.08c 20.14, 20.02 20.07c 20.13, 20.01 20.02 20.14, 0.09
8.01 478 20.10c 20.16, 20.03 20.10c 20.17, 20.04 20.09 20.19, 0.01
Abbreviation: CI 5 confidence interval.
aModels adjusted for age, ethnicity (white, south-Asian, black, other), education (continuous), 3-level occupational position (high, intermediate, low), marital
status (married/cohabiting vs others), smoking history (current smokers, recent ex-smokers, long-term ex-smokers, never smokers), 10-y mean number of
hours of moderate and vigorous physical activity (continuous), and 10-y mean weekly frequency of fruit and vegetable consumption (continuous), mutually
adjusted for the different types of beverage, and interaction terms between each covariate and time.
bCognitive change relative to the reference category that is “null consumption” of the specific type of alcohol under consideration. In the “null beer
consumption” group, the average amount of total alcohol consumption (from other beverages) was 7.7 g/d (SD 5 8.8); in the “null wine consumption”
group it was 14.7 g/d (SD 5 18.3); and in the “null spirit consumption” group it was 10.8 g/d (SD 5 12.6).
cp ,0.05.
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factors or reverse causation. However, that study was
underpowered to detect small effects of moderate
alcohol consumption. Our study, with the focus on
cognitive decline, adds to this literature as it is unclear
whether alcohol consumption influences cognitive
aging trajectories.
Much of the evidence on alcohol consumption and
cognitive decline derives from studies based on elderly
populations,10–17 where individuals need to have sur-
vived long enough to participate in the study and may
have reduced their alcohol consumption because of
health concerns.2,31 Some studies suggest moderate
alcohol consumption to be associated with slower cog-
nitive decline10,11,13,15–17 compared with abstinence
whereas others found no association between alcohol
consumption and cognitive decline.12,14 In many stud-
ies, the effect of heavy drinking was difficult to assess
because of the small number of heavy drinkers.10–17
Our study based on middle-aged participants suggests
that heavy drinking is associated with faster decline in
all cognitive domains in men. In women, there was
only weak evidence that heavy drinking was associated
with a faster decline in executive function, but absti-
nence from alcohol was associated with faster decline in
the global cognitive score and executive function.
However, the number of abstainers was small, and this
category is likely to represent a group of selected indi-
viduals whose characteristics differ from other partic-
ipants; for instance, a considerably higher proportion
of these women were nonwhite (59.6%) compared
with other women (10.5%). Although analyses were
adjusted for a range of covariates, residual confounding
may be an issue and estimates for this category ought to
be interpreted with caution.
The effect of type of alcohol on cognitive outcomes
has been studied in relation to dementia; persons drink-
ing wine have been found to be at lower risk of demen-
tia,4,5,9 although results are not consistent.6,8 In the
present study, we found a dose-response association
between consumption of spirits and cognitive decline
in men whereas no clear association was found with
other alcoholic beverages. Nevertheless, the association
with total alcohol consumption was not driven by a
single type of alcohol. Our results on the type of alcohol
are not comparable to those on total alcohol because
the effects observed for total alcohol consumption are at
$36 g/d and the number of participants drinking this
quantity of a given type of alcohol is small in our study.
The mechanisms underlying the association
between alcohol consumption and cognition are com-
plex. The main hypothesis focuses on cerebro- and car-
diovascular pathways,33 involving effects that play out
over an extended period of time. Light to moderate
alcohol consumption is associated with better vascular
outcomes,34 while both abstinence and heavy alcohol
consumption are associated with higher risk of vascular
disease,35 which, in turn, may increase the risk of cog-
nitive impairment.36 Furthermore, heavy alcohol con-
sumption has detrimental short- and long-term effects
on the brain,7,37 including direct neurotoxic effect,7
proinflammatory effects,7,38 and indirect impact via
cerebrovascular disease35 and vitamin deficiency.39
Our study has limitations. First, because alcohol
consumption was self-reported, some participants
may have underestimated their consumption.40 Sec-
ond, we were unable to distinguish regular heavy
drinking from binge drinking because we did not
have data on the number of drinks consumed in a
single occasion. However, most of the participants
classified in the high alcohol consumption category
consumed alcohol daily or almost daily suggesting
that binge drinking was not frequent in this popu-
lation and is therefore unlikely to be the sole expla-
nation for the associations we observed. Third, in
women, heavy alcohol consumption was half that in
men and the social pattern was different. For exam-
ple, female heavy drinkers were more likely to have a
higher occupational position, while this was not true
in men. Thus, the interpretation of sex differences
in our study is not straightforward and further
research is needed to test whether the effect of alco-
hol on cognition differs by sex. Fourth, the cognitive
test battery was not exhaustive, particularly in rela-
tion to assessment of long-term memory. Further-
more, it is possible that more specific tests of
executive function would have yielded stronger associ-
ations with alcohol consumption. Fifth, missing data
were higher in those with lower cognitive scores, sug-
gesting that our results might, if anything, be under-
estimates of the true associations. Finally, although the
sample covered a wide socioeconomic range, with sal-
aries ranging from £4,995 to £150,000/year (US
$7,824–$234,954), data are from white-collar civil
servants, not fully representative of the general popu-
lation, particularly the unemployed or blue-collar
workers.
This study suggests that men consuming 36 g/d or
more of alcohol in midlife were more likely to experi-
ence faster 10-year cognitive decline in all cognitive
domains; in women, there was weaker evidence of
this effect occurring at $19 g/d, but only for execu-
tive function. Our findings are in agreement with
previous studies showing that moderate alcohol con-
sumption is probably not deleterious for cognitive
outcomes, but they also show that heavy alcohol con-
sumption in midlife is likely to be harmful for cogni-
tive aging, at least in men.
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